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Repeated injections of large doses of acetyl-
choline or acetyl-f3-methylcholine administered
intracutaneously result in a progressive depres-
sion of the number of active sweat glands and of
the rate of sweating in the vicinity of the injec-
tion (1, 2). Thaysen and Schwartz (1) attribute
the decrement of sweating to "fatigue" of the
sweat gland. Collins and his associates (2) pro-
pose that the depression is due to the develop-
ment of a neuroglandular block, a desensitization
of receptor sites on the eccrine sweat gland by
large doses of neurohumor. The facts supporting
this hypothesis are: (1) the depressive action of
neurohumor is blocked by atropine; (2) non-
depressing doses of neurohumor can be made
depressive by combining acetyicholine with the
anticholinesterase agent, neostigmine; (3) de-
pressed glands show partial recovery in about six
hours when no further injections of large doses of
neurohumor are given. Control experiments
suggest that the depression is not due to mechan-
ical effects of the injected fluid, injury to the
glands, release of epinephrine from local chro-
maffin tissue, vasoconstriction, or vasodilation.
Subsequent to the partial recovery there is a
second depression on the day after the experi-
ment; recovery from this depression requires
about two weeks. Collins et at. (2) think that
this depression may have resulted from trauma.
The present investigations were designed to
test the hypothesis of Collins et at. at the cellular
level and to obtain histological evidence whether
the eccrine sweat gland had been injured by the
repeated injections of large doses of neurohumor.
When this gland is stimulated to produce sweat,
it looses glycogen from the cells of the duct and
coil (3, 4). One would expect, therefore, that
blocked or desensitized cells would not loose
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glycogen when treated with neurohumor. This
raised the following questions: Does the eccrine
sweat gland continue to loose cellular glycogeri
after it has been depressed by repeated injections
of neurohumor? Do repeated injections of neuro-
humor injure the sweat gland?
METHODS
The general plan of experiment was to repeat
the experiments of Collins et at. (2) described in
Figure 13, P. 609. For this purpose three healthy
male volunteers were selected. The investigations
were conducted in July, 1960. The subjects rested
in an air-conditioned laboratory maintained near
750 F. while injections, sweat collections, and
biopsies were taken. They were allowed to go
home overnight; and between the tests done at 24
hours and 7 days, they engaged in their customary
occupations. No restrictions were imposed regard-
ing diet, water consumption, or daily activities.
The skin of the back was chosen for study. In
the vicinity of one scapula two rows of seven and
six sites were marked for injection and biopsy re-
moval. In the vicinity of the contralateral scapula
three sites were marked for injection. Over the
central site an aluminum capsule was placed for
collecting sweat by the method of Schwartz,
Thaysen and Dole (5); the capsule was fastened to
the skin with adhesive cement. At two sites ad-
jacent to the capsule, identified as A (above) and
B (below), plastic impressions of actively sweating
skin were made according to the technic of Thom-
son and Sutarman (6).
Injections. Acetyl -- methyicholine chloride
powder (mecholyl) was dissolved in isotonic saline
so that the final concentration was 400 pg/0.1 ml
or 10 pg/0.1 ml. One-tenth ml of the fluid was in-
jected intracutaneously from a tuberculin syringe
through a 26-gauge needle. Initially 15 sites were
injected with 400 pg at 0.0, 0.5, 1.0, 1.5, and 2.0
hours. Sites which had been removed for biopsy
were not re-injected. At 2.5, 3.0, 6.0, 9.0, and 24
hours and 7 days the remaining sites were injected
with 10 pg. The large dose (400 pg) of mecholyl was
used to produce "sweat gland fatigue" or hi-
dromeiosis (7), and the small dose (10 pg) was used
to test the responsiveness of the depressed sweat
glands.
Biopsies. Dermal specimens were obtained from
control and injected sites at 0.0, 1.5, 3.0, 6.0, 6.5,
9.0, 9.5, 12.0, 12.5, 24.0, 24.5 hours, 7 days and 7
days plus 30 minutes. A 4-mm rotory punch was
used and the skin was not anesthetized.
Preparation and Staining of Biopsy Material.
Skin specimens were immediately fixed in Helley's
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fixative, serially sectioned, and stained with either
Giemsa buffered top11 5.4 or by the PAS-McManus
procedure controlled with diastase.
Plastic Impressions. Plastic impressions of
actively sweating skin were taken every five to ten
minutes during the 30-minute intervals when
sweat was being collected. The impressions were
oriented by marking the skin with a ball-point pen
so that approximately the same area of skin was
studied from print to print. Each impression was
mounted on a glass slide and placed under a ruled
square centimeter. The active glands in the square
centimeter adj acent to the ink-mark were enumer-
ated by studying the impression through a dis-
secting microscope. The assumption was made
that the mean value of impressions A and B was
equal to the mean count of active glands beneath
the capsule within which sweat was being col-
lected. This assumption provided the basis for
calculating the output of sweat from a single sweat
gland. To make this calculation an unweighted
average of the active glands in each impression
taken during each 30-minute period of collecting
sweat was obtained and this value was divided
into the sweat rate expressed as pg/mm/cm2.
Measurement of Sweat Rate and Sweat Chloride.
A supply of weighing bottles, each containing five
discs of filter paper, was prepared. Four sheets of
paper were placed within the ring of the capsule,
and the capsule was closed, and the lid was locked.
Sweat was collected for 30 minutes following each
injection of acetyl-j3-methylcholine. After 30
minutes the papers were replaced in the weighing
bottle, the extra sheet having been used to blot
any excess sweat, the bottles were reweighed, and
the sweat was extracted with exactly 5.0 ml of
distilled water. Two-mi specimens were titrated
electrometrically in a chloridimeter and the con-
centration of sweat chloride, expressed as mEq/L,
was calculated. The rate of sweating was deter-
mined from the increment of weight of the weigh-
ing bottles. The capsule had an area of 4.92 cm2.
The sweat rate was expressed as pg/mm/cm2.
Recovery studies indicated that with a sweat
rate of 60—70 mg/mm. and a concentration of
chloride of the order of 25 mEq/L, the recovery
averaged 97.6%. Comparable recoveries have been
reported by Schwartz and Thaysen (8).
RESULTS
Number of Active Glands. In large measure the
bi-phasic depression of the number of active
sweat glands per cm2 reported by Collins et at.
(2) was confirmed (Figure 1). By the end of the
second hour a definite reduction of their number
had begun. This decrement was progressive
during the remainder of the period of half-hourly
injections even though the dosage of mecholyl
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Fm. 1. Time course of active sweat glands on the back during repeated injections of mecholyl: Sub-ject B. C. Five intracutaneous injections of 400 pg of mecholyl in 0.1 ml of saline and seven injections
of 10 pg were given. The definitions of Area A and Area B are in the text.
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TABLE I
Regression analysis of sweat gland count in adja-
cent areas of skin of back in three subjects treated
with intracutaneous acetyl - - methyicholine
H. P. +0.83 0.81
B. C. +0.86 0.76
D. H. +0.64 0.62
was reduced in the last two injections. During
the next 21 hours there was a partial restoration
of the number of active sweat glands between
the ninth and twelfth hours. Following this
recovery there was a secondary depression, the
persistence of which was variable: B. C. exhibited
a depression in the twelfth hour and in the next
two test-periods showed a progressive recovery.
D. H. had a low count at 24 hours but one week
later showed little improvement. H. P. exhibited
a low count on the seventh and final day of the
experiments.
All the phases of responses of the number of
active glands was detected in counts made in
both Area A and Area B (Table 1 and Figure 1).
Changes in the two areas were significantly
correlated but the magnitude of the variations
was not equal (the slope was less than 1). The
variance of the regression served as a measure of
the reliability of individual counts. The deviation
was of the order of Mean counts probably
agree more closely. These facts, we thought,justified the assumption that the mean of the
counts in Areas A and B during each 30-minute
period of sweat collection represented the course
of events among the active glands within the
capsule where sweat was actually collected.
Rate of Sweat Production. The output of sweat
per cm° paralleled the count of active glands
during the first three hours (Figure 2). There
was no clear increase in the sweat rate between
the ninth and twelfth hours and in the final
phases of the experiment the correlation between
the count and sweat rate was inconsistent.
To estimate the output of sweat from a single
sweat gland, we assumed that mean counts from
Areas A and B represented the actual count
within the capsule where sweat was being col-
lected. The maximal secretory values we derived
were 6.9, 17.8, and 22.5 tg/min. Recent data
from Kawahata (9) validate this assumption.
He estimated the maximal secretory ability of
the single sweat gland for seven young male
adults exposed to humid heat. For the glands of
the upper arm his estimates ranged between
0.06 and 0.10 mg/10 mm. Recalculating one
obtains 6 to 10 jig/mm, values which were of the
same order of magnitude as we derived. The
agreement is excellent when allowance is made
for differences in method of inducing sweating
and in sites from which sweat was collected.
In two subjects (D. H. and B. C.) the sweat
rate decreased more than the count of active
glands (Figure 2). As a consequence the calcu-
lated output of sweat per gland declined appre-
ciably for 3.5 hours. H. P. exhibited very little
change in the glandular sweat rate during this
interval. During the next six to nine hours, the
glandular sweat rate for each subject further
declined and then began to rise. It returned to
initial values, however, for only H. P. within
the seven-day period of the study.
Chloride Concentration of Sweat. While the
mecholyl was depressing the rate of sweating,
two of the subjects exhibited sharp decreases in
the concentration of sweat chloride ion (Figure
2). This fact was not unexpected, for various
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Fin. 2. Development of hidromeiosis induced by
repeated injections of mecholyl: Subject B. C.
Injection schedule identical with that described
in caption for Figure 1.
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authors (10, 11) have noted that the concentra-
tion of chloride in sweat varies linearly with the
rate of sweat production. In the third subject,
who initially had low sweat chloride, there was
no trend in the concentration of chloride as the
rate of sweating decreased During the period of
marked hypohidrosis, there developed in all
three men a sudden and major increase in the
concentration of chloride.
Since this curious and abrupt alteration in the
chemistry of mecholyl-induced sweat has not
been reported, we did three additional experi-
ments to explore further the validity of this
observation.
Experiments with Mecholyl-Induced Sweating in
Forearm Sweat Glands. Three young male sub-
jects participated and were handled in the same
fashion as those serving in the investigations
described above. Biopsy specimens were not
obtained and individual experiments were
terminated after 24 hours. The right forearm
was injected in three sites according to the same
dosage schedule used for studies on the back.
The left forearm was repeatedly injected in three
sites with 20 jg of acetyl-f3-methylcholine in 0.1
ml of saline. The time intervals for injections in
both instances were the same as those followed
on the back. Over the central site a capsule for
collecting sweat was placed. Adjacent sites above
and below were selected for making plastic
impressions of the active sweat glands.
Number of active sweat glands: A marked
depression of the active sweat glands developed
on the right forearm treated with 400 tg of
mecholyl. During the first three hours the course
of the depression was comparable to that seen
on the back. Among all subjects recovery had
clearly begun by the ninth hour and none
exhibited a secondary depression comparable to
that illustrated in Figure 1.
An unexpected finding was that each of the
subjects also exhibited a depression of the number
of active sweat glands in sites injected with 20
sg of mecholyl. Among two men (B. C. and
H. P.) the course and magnitude of the depression
was almost identical to that caused by 400 pg of
mecholyl. The third (M. G.) showed only a
moderate depression but it was clearly biphasic
with the partial recovery occurring at about
nine hours and the secondary depression at 24
hours.
Our observation that 20 pg of mecholyl caused
TABLE 2
Regression analysis of sweat gland count in adja-
cent areas of skin of forearm in three subjects
treated with intracutaneous acetyl-il-methylcholine
.
Subject Dose ofMecholyl
Correlation
Coefficient Slope
Standard
Deviation of
Regression
M.G. 400pg
20ig
+0.05
+0.85
1.04
1.22
H.P. 400 ig
20pg
+0.95
+0.92
1.24
1.12
B. C. 400 /hg
2Opg
+0.93
+0.88
0.93
0.68
a depression of sweating in all three subjects is
contrary to the experience of Collins et at. (2)
These workers found that five injections of 20
pg/0.1 ml given within 100 minutes caused no
depression. Fourteen such injections given within
6.5 hours caused a depression of only 30 per cent
and this depression was limited to the glands
within the immediate vicinity of the injection.
H. P. had a depression of 75 per cent after seven
injections within 200 minutes; for B. C. the
depression was 70 per cent, and for M. G., 35
per cent. We cannot explain these conflicting
findings.
There was a high degree of correlation in the
number of sweat glands counted in the two
areas adjacent to the capsule (Table 2). Most of
the slopes differed from 1.00 which suggested
that although the time course was similar in the
two areas, the magnitude of change was not
identical. A similar situation obtained on the
back (Table 1). The variance of the regression
was again of the order of The data from
Table 2 provide more support for the reliability
of our assumption that the mean count for these
two adjacent areas was representative of the
changes in the count occurring within the sweat
capsule.
Rate of sweat production: Among each of the
three men the two dose-schedules of mecholyl
provoked a marked and progressive reduction of
the sweat rate. The depression was maximal
after 3.5 hours. During the subsequent 21 hours
the rate of sweating generally remained low,
but H. P. (20 pg), M. G. (20 pg) and B. C. (400
and 20 pg) did exhibit clear partial recovery
between the sixth and tenth hours. The mean
counts of the active sweat glands suggested that
there was also an increase which roughly coin-
EFFECT OF MECHOLYL ON ECCRINE SWEAT GLAND 309
TABLE 3
Summary of histological observations
Time
Secretory Coil Duct
Large pale cell Smali1f ark Basal cell Luminal cell
Distortion Rdution SPDR Amount of glycogen
0
1 hours
3 hours
6 hours
63 hours
9 hours
9 hours
12 hours
12 hours
24 hours
24 hours
7 days
7 days, 30 mm
+4
0
0
+2
+2
+3
+1
+3
+1
+4
0
+4
0
0
+1
+2
+1
+1
+1
+2
+1
+1
0
+1
0
+1
0
+1
+2
0
+1
+1
+2
+1
+1
0
+1
0
+1
+4
+2
+1
+1
+1
+1
+1
+1
+1
+1
+1
+3
+2
+2
+1
0
+1
+1
+2
+1
+2
+2
+2
+2
+2
+1
+2
+1
0
+1
+1
+2
+1
+2
+2
+2
+2
+2
+1
cided with the elevated sweat rate. Among these
same men there was a secondary depression at
12 to 24 hours.
iVtinute output of sweat per gland: The maximal
glandular sweat rate ranged between 2.7 and
13.7 g/min. It was independent of the dose of
mecholyl. The changes in the output of sweat
were generally very small during the entire
experimental period. Only M. G. (400 jig)
exhibited a trend comparable to that observed
for the back (Figure 2). The order of magnitude
of these glandular sweat rates conformed closely
to the estimates of Kawahata (9) for thermally
provoked sweat.
Chloride concentration of sweat: The chloride
ion behaved in the same fashion as it had in the
sweat collected from the back. Two men (B. C.
and M. G.) initially had high sweat chloride. The
concentration of chloride decreased as the rate of
sweat declined. H. P. again began with low sweat
chloride. The sharp rise in the chloride ion occur-
red between the sixth and the 24th hours. Only
in B. C. (20 tg) was the rise doubtful. At no
time was there a parallel increase in the sweat
rate. It would appear that this alteration of
sweat chloride was independent of the dose of
mecholyl used to provoke depression of sweating.
Histochemical observations: In each of the
biopsy specimens special attention was directed
to amount of glycogen, distortion, and reduction
in size of the large pale secretory cell; the Schiff-
positive diastase resistant material (SPDR) in
the small dark secretory cell; and the glycogen
content of the basal and luminal cells of the duct.
The magnitude of the changes were qualitatively
graded by one observer from +1 to +4 the
average results have been summarized in Table 3.
Each of the three subjects behaved similarly.
Study of this table brings out several signifi-
cant facts. During the period of injecting large
doses of mecholyl, the glycogen disappeared from
all cells, a moderate degree of distortion and
shrinkage of the large pale cell developed, and
the SPDR content of the small dark cell declined
(Figure 3). Prior to the injection of mecholyl at
the sixth hour, the cells had recovered a substan-
tial amount of their original glycogen but follow-
ing the injection the glycogen did not disappear
(Figure 4). At this point, just when the hypo-
hidrosis was maximal, the gland and duct had
lost their responsiveness to mecholyl. Concur-
rently there were no further changes in the distor-
tion or size of the large pale cell or in the SPDR
content of the small dark cell.
After the ninth hour a dichotomy developed
(Figure 5). The large pale cell now lost glycogen
with injection of mecholyl and restored its
glycogen content between injections while the
cells of the duct continued to be unresponsive to
mecholyl. The large pale cell had recovered its
FIG. 3. Biopsy taken after three hours. The secretory coil (Arrow 1) and duct (Arrow 2) are completely
depleted of glycogen. The secretory cells (Arrow 3) arc reduced in size. The small, dark cells (Arrow 4)
contain little to no Schiff -positive diastase-resistant material. (PAS-McManus procedure >< 324).
Fin. 4. Biopsy taken after six and a half hours. At the time of maximal hypohidrosis there is no reduc-
tion in the glycogen content of the secretory coil (Arrow 1) or duct (Arrow 2) after injection of mecholyl.
(PAS-McManus procedure X 324).
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irritability; the duct cells had not. Some recovery
of these cells did develop by the seventh day, for
then following mecholyl there was a small reduc-
tion of glycogen. The distortion and reduction in
size of the large pale cell remained unchanged for
the remainder of the experiment. There was some
recovery of SPDR content of the small dark cell
after the seventh day.
Hidromeiosis (7) developed while the glycogen
content of the cells was declining. The depression
of sweating was greatest when all three cellular
elements of the sweat gland had lost their irri-
tability. The production of the sweat containing
a high concentration of sweat chloride developed
when the dichotomy between responsiveness of
secretory cells and cells of the duct had been
established. This result suggests that the main-
tenance of hypohidrosis and appearance of
increased chloride in the sweat was related to
some dysfunction within the duct. Certaintly it
would appear that loss of glycogen was not
necessarily correlated with effective secretory
activity
In none of these biopsy specimens was there
ever any evidence that mecholyl had produced
physical injury to the sweat glands.
DISCUSSION
The observations made in this investigation
raise three major questions: (1) What events
account for hidromeiosis? (2) What mechanism
explains the sudden increase in sweat chloride?
(3) Are the histochemical changes related to
these processes?
The rate at which sweat is discharged onto
the skin surface is the net result of the amount
of sweat secreted by each gland and the number
of glands which are active during a given period
of time. Analysis of our observations demon-
strates that both these variables contribute to
the sweat rate; the relative contribution of each,
however, varies with the individual subject.
For all men the sweat rate varied linearly with
the output of sweat per gland:
(1) Back: Output per gland = 3.58 + 0.0177
(sweat rate). (r = +0.92; P < 0.001).
(2) Forearm: Output per gland = 3.10 +
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FIG. 5. Biopsy taken after nine and a half hours. Before injection of mecholyl at nine hours, the secre-
tory coil had restored its content of glycogen. At 9.5 hours the glycogen had been depleted from the
secretory coil (Arrow 1). The duct (Arrow 2) retained its pre-sweating concentration of glycogen. (PAS-
McManus procedure )< 324).
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TABLE 4
Correlation analysis of sweat rate, gland flow, and count of active sweat glands at rates of sweating less than
650 54g/min/cm2
Functions Correlated
Back Forearm
D. M. + B. C. H.P. 1'v. G. + B.C. H.P.
Sweat rate vs. gland flow
Sweat rate vs. gland count
Gland flow vs. gland count
Multiple correlation
Sweat rate vs. gland flow; count constant
Sweat rate vs. gland count; flow constant
+0.86*
+0.77
+0.42
+0.98
+0.94
+0.91
+0.33
+0.90
—0.07
+0.94
+0.62**
+0.93
+0.27
+0.97
—0.20
+0.98
+0.41**
+0.94
+0.59**
+0.76
—0.04
+0.95
+0.86
+0.92
* Italicized values each have a P-value less than 0.01.
** P < 0.05.
All other values have P-values greater than 0.10.
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CHLORIDE CONCENTRATION VS SWEATING (BACK)
FIG. 6. Concentration of chloride in sweat versus rate of sweating on the back. The regression equa-
tions were fitted by the method of least squares to the uncircied points. For the left hand chart, the
regression equation is sweat rate = 18.5 + 0.054 (sweat chloride); the standard deviation, o,,is
The correlation coefficient is +0.88 (P < 0.01). For the right hand chart, the regression equation is
gland flow = 12.6 + 2.6 (sweat chloride); the standard deviation, o-, is The correlation coefficient
is +0.86 (P < 0.01).
0.0068 (sweat rate). (r = +0.71; P
< 0.001).
The sweat rate varied logarithmically with the
number of active sweat glands:
(1) Back: Nat. log (no. active glands)
1.0993 + 0.4178. [nat. log (sweat rate)].(r = +0.76; P < 0.001).
(2) Forearm: Nat. log (no. active glands) =
1.1826 + 0.5071. [nat. log (sweat rate)].(r = +0.68; P < 0.001).
To simplify the calculation of partial correla-
tion coefficients, the assumption was made that
below sweat rates of 650 ,ug/min/cm2, the
number of active glands was linearly related to
0 400 800 1200 0 10 20 30
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CHLORIDE CONCENTRATION VS SWEATING (FOREARM)
Fm. 7. Concentration of chloride in sweat versus rate of sweating on the forearm. The regression
equations were fitted by the method of least squares to the uncircied points. For the left hand chart, the
regression equation is sweat rate = 19.3 + 0.019 (sweat chloride); the standard deviation, u,,, is
The correlation coefficient is +0.47 (P < 0.01). For the right hand chart, the regression equation is
gland flow = 13.0 + 2.51 (sweat chloride); the standard deviation, is The correlation coeffici-
ent is +0.59 (P < 0.01).
the sweat rate. This assumption was approxi-
mately true, for at higher sweat rates, viz, up
to 1448 g/min/cm', the number of active glands
changed little. Apparently then at this rate of
sweating all the potentially activated glands had
been stimulated. Observations made on subject
H. P. were treated separately from the other
men, for graphical analysis of the data suggested
that he was different than B. C., D. H., and
M. G. The correlation analysis has been sum-
marized in Table 4.
In so far as the simple correlation coefficients
are concerned, the sweat rate was significantly
correlated with the count of active glands in all
four comparisons. Only twice was the sweat rate
significantly correlated with the output of sweat
per gland. In no instance was the gland flow
correlated with the gland count.
The multiple correlation of the sweat rate
with both the output per gland and the gland
count was highly significant. The fact that the
gland flow contributed appreciably to this
correlation was shown by the fact that, when the
gland count was held constant, there was regu-
larly a significant correlation between the sweat
rate and the gland flow. When the gland flow
was held constant, the correlation between the
sweat rate and the gland count was more con-
sistently highly significant than in the case of
the simple correlation. These data thus support
the conclusion of Thaysen and Schwartz (1) that
mecholyl-hidromeiosis arises more from a depres-
sion of the number of active glands than from a
reduction in the flow of sweat from the individual
glands.
Why individual subjects respond differently to
a controlled sudorific stimulus is not clear.
Unpublished observations on thermal hidromeio-
sis (Sargent, Pessa, and Brown, 1961) suggest
the same conclusions regarding individual
variability in the components leading to depres-
sion of the rate of sweating. Elucidation of this
problem would contribute materially to the
understanding of failure of sweating.
Investigators agree generally that the concen-
tration of chloride in sweat increases as the rate
of sweating rises (11). Our findings are in
agreement with this fact (Figures 6 and 7).
0 400 800 1200 0 4 8 12 16
SWEAT RATE, jsq/min/cmt GLAND FLOW, p.g/min
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During the phase of mecholyl-hidromeiosis,
there was a reduction of the sweat chloride. The
concentration of chloride was significantly
correlated both with the sweat rate and the
gland flow; the correlation held both for experi-
ments with sweat collected from the back and
from the forearm. Similar changes in sweat
sodium during mecholyl-hidromeiosis have been
reported by Schwartz and Thaysen (8).
In the phase of hypohidrosis the chloride
concentration frequently deviated widely from
values which would have been predicted from
the empirical regression equation (Figures 6
and 7). The deviations frequently exceeded more
than two times the standard deviation of the
regression. The group data for the back are more
convincing than those for the forearm, where
individual variations tended to obscure the
magnitude of the shift from predicted concen-
trations of chloride. The inferences that one
may draw from this sudden and large increase of
chloride are either that the secretory cells were
manufacturing sweat richer in chloride or that
less chloride than usual was being reabsorbed
during the formation of sweat.
Schwartz and Thaysen (8) argue that in the
process of formation of sweat, sodium is reab-
sorbed. Since chloride probably behaves similarly
to sodium, we sought evidence in our observa-
tions to support their arguments. When the
rate of chloride excretion is plotted against the
sweat rate, a distinct curvilinear relation obtains
(Figures 8 and 9). As the sweat rate decreases to
zero, the minute output of chloride falls to zero.
Although the data of Schwartz and Thaysen
(8, Fig. 2) clearly confirm our observations,
they chose to ignore data for sweat rates less
than 500 ig/min/cm2. A linear relation obtained
up to 2,000 pig, and the regression had a negative
intercept. This negative rate of excretion was
interpreted as evidence of reabsorption of
sodium. We discarded values less than 200
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FIG. 8. Rate of chloride excretion versus rate of sweating on the back. The curved line was fitted visu-
ally to the uncircled points. For the left hand chart, the regression equations were fitted by the method
of least squares to the uncircled points for which the sweat rate was 200 /zg/min/cm1 or greater;
in the case of the right hand chart, all uncircled points were used. For the left hand chart, the regression
equation is rate of chloride excretion = 0.0799 (sweat rate)—13.72; the standard deviation, o, is
The correlation coefficient is +0.97 (P < 0.01). Extrapolation of the regression line to a sweat rate of
zero yields a negative rate of chloride excretion, viz —13,720 ,.qEq/min/cm2. For the right hand chart
the regression equation is rate of chloride excretion = 78.42 (gland flow)—331.42; the standard deviation,o, iS The correlation coefficient is +0.94 (P < 0.01). Extrapolation of the regression line to a
gland flow of zero yields a negative rate of chloride excretion, viz .—331.42 oEq/min.
0
'C
EFFECT OF MECHOLYL ON ECCRINE SWEAT GLAND 315
CHLORIDE EXCRETION VS. SWEATING (FOREARM)
Fin. 9. Rate of chloride excretion versus rate of sweating on the forearm. Criteria and method of
curve fitting were the same as for data in Figure 8. For the left hand chart, the regression equation is
rate of chloride excretion = 0.0497 (sweat rate)—4.4; the standard deviation, o, is 4.5. The correla-
tion coefficient is +0.93 (P < 0.01). The dash-dot line is the regression line of Thaysen and Schwartz(1955) for sodium in sweat collected in a manner similar to the method used in the present study. When
these regression lines are extrapolated to a sweat rate of zero, negative rates of excretion obtain: —4,400
LEq of chloride and —18,500 pzEq of sodium. For the right hand chart the regression equation is rate
of excretion of chloride = 41.5 (gland flow) —61.5; the standard deviation, o, is 55.5. The correlation
coefficient is +0.90 (P <0.01). When the regression line is extrapolated to a sweat rate of zero, a negative
rate of chloride excretion obtains, viz —61 .5 jiEq.
g/min/cm2 and likewise obtained negative
intercepts. Our data for the forearm (Figure 9)
agree qualitatively with those of Schwartz and
Thaysen (8). On the back the negative intercept
is probably different from zero; on the forearm,
however, it is doubtful that the intercept is
really different from zero. We fail to agree,
moreover, that one is justified in drawing physi-
ological conclusions from an extrapolation which
ignores data which obviously refute the inference
drawn from the mathematical manipulation.
When, on the other hand, the minute output
of sweat chloride per gland is plotted against
the gland flow, a linear relation obtains (Figures
8 and 9). When all data of the phase of hidro-
meiosis are used in regression analyses, negative
intercepts obtain both for back and forearm.
Although for the back, the intercept is signifi-
cantly different from zero, the intercept for the
forearm may not be These data are certainly more
convincing evidence for reabsorption of electro-
lyte than are the data for sweat rates.
If one makes the presumption that chloride is
reabsorbed, it follows that a deviation to the left
of the regression line indicates reduced reabsorp-
tion and therefore increased excretion of chloride.
During the phase of hypohidrosis, a number of
points do so diverge. In fact they deviate from
the regression line by more than two standard
deviations. The evidence is best for the back
(Figure 8) where individual differences do not
obscure the results as they do for the forearm
(Figure 9). The inference we are inclined to draw
is that the increased chloride of the phase of
hypohidrosis is the result of decreased reabsorp-
tion of sweat chloride.
This reabsorption probably occurs in the duct,
for there is where water is reabsorbed (5, 12, 13).
Bulmer and Forwell (14) present evidence that
the precursor solution of sweat has the same
sodium concentration as that of interstitial fluid.
The hypotonicity of the excreted sweat is attrib-
uted to reabsorption of sodium. Our observa-
tions seem to add to this body of evidence.
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Our histochemical studies also suggest that
the duct is the site of reabsorption of electrolytes.
When these cells become refractory to mecholyl
(i.e. fail to lose glycogen), then the chloride
concentration is apt to deviate widely from
expected values. Shelley (15) has demonstrated
that when there is poral closure and an intact
duct, glycogen is not lost from the secretory
cells during thermal stimu]ation. Glycogen is lost
only when the duct ruptures. Mecholyl-hidromei-
osis was not accompanied by poral closure,
yet at a time when minimal amounts of sweat
were being produced, the secretory cells main-
tained their responsiveness to mecholyl. Since
the low sweat rates could not have been the
consequence of increased reabsorption of water—
osmotically active chloride ion was being excreted
in increasing amounts—we can only conclude
that the formation of sweat was also depressed
and the histochemical changes were too gross to
reflect the reduced functional status of the se-
cretory coil.
These findings are difficult to interpret in
terms of the hypothesis that mecholyl-induced
hidromeiosis arises from a neuro-glandular
block (2). Accepting the histochemical changes
at their face value, it is apparent that the large
pale cells of the secretory coil are less refractory
than are the cells of the duct. Nevertheless, the
logical inference can be drawn that the large pale
cells are really depressed; the glycogen changes
are too gross to detect the quantitative dysfunc-
tion. If a general neuroglandular block does in
fact obtain under these conditions, why are the
two parts of the gland affected differently?
The evidence supports the view that the gland
continues to be responsive to mecholyl but has
become functionally disorganized. Such disor-
ganization should be detectable in enzyme
systems providing energy for the formation of
sweat. A productive approach would be to study
the enzymes of the several cells of the sweat
gland in order to elucidate these observations.
SUMMARY
Four normal young men were used as experi-
mental subjects. The number of active sweat
glands, the sweat rate, the sweat chloride con-
centration and cytologic changes in the sweat
gland were observed. Acetyl-f-methylcholine
was injected intracutaneously at half-hour inter-
vals for 3 hours; then at 6, 9, 12 and 24 hours
and at 7 days. Sweat rate, number of active
glands and chloride concentration were maximal
after the initial injection and then progressively
declined reaching minimal values at three hours.
Thereafter, the number of active glands and
sweat rate remained low. Chloride concentration
returned to initial values within 6 to 12 hours.
Acetyl-3-methylcholine injection resulted in
glycogen depletion of the secretory coil except
after the 6-hour injection. In the duct glycogen
disappeared within three hours, returned in six
hours and thereafter was unaffected. The
decreased function of the sweat glands was not
due to poral obstruction, to cellular damage, or
to neuroglandular block.
The increased output of chloride in the period
of hypohidrosis was attributed to decreased
reabsorption of chloride by refractory cells of
the duct. Independent evidence of others support
this inference.
It is concluded that the glycogen content of
the cells of the secretory coil does not appear to
be a reliable index of sweat gland function.
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